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Setting the stage for acute on chronic kidney injury
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Abstract
Acute on chronic kidney disease will be familiar to many nephrologists. In this issue of Kidney
International, the risk of acute on chronic disease is quantified across the stages of pre-existing
chronic kidney disease. This study demonstrates the valuable insights that large epidemiological
studies can bring to the field of acute kidney injury.
Several studies have shown that the prevalence of chronic kidney disease (CKD) is
increasing[1] using consensus definitions developed by the Kidney Disease Outcome
Quality Initiative (K/DOQI). These definitions and staging of CKD allow researchers to
compare disease prevalence across time and across populations and establish links between
CKD and other diseases[2]. For example, it is well established that CKD is a risk factor for
cardiovascular disease and this risk is significant even with mild impairment of kidney
function[3]. In this issue of Kidney International, Hsu and colleagues explore the
relationship between CKD stage and the risk of developing acute kidney injury (AKI)[4].
They demonstrate that even mild chronic impairment of kidney function significantly
increases the risk of AKI.
Patients with ‘acute-on-chronic’ kidney disease should be familiar to most nephrologists. In
terms of clinical practice, one of the strengths of the Hsu et al. study is the quantification of
the relationship between CKD stage and risk of in-hospital, dialysis-requiring, AKI. The
authors studied a large patient group, adults from a Kaiser Permanente cohort in Northern
California. By definition, this population has health insurance and we hope future studies
include patients without insurance. The staging of ‘baseline’ CKD was based on out-patient
measurements of serum creatinine that predated the index episode of AKI, a significant
advantage over inferring baseline creatinine from in-hospital measurements. This strategy
allows for a more inclusive and perhaps more accurate view of the acute-on-chronic
population. When the incidence of dialysis-requiring AKI was compared across the CKD
stages the authors found that ‘the propensity to develop dialysis-requiring AKI is another
complication of CKD whose risk markedly increases below an estimated GFR of 60 ml/min/
1.73m2’ [4]. In addition, pre-existing diabetes, hypertension and proteinuria also
significantly increased the risk of inhospital, dialysis-requiring AKI.
These findings may be the tip of the iceberg as the risk of non-dialysis requiring AKI (a
disease with a significant morbidity and mortality[5]) remains undetermined. This increased
risk of AKI across the stages of CKD warrants clear translation to the non-nephrology
community as patients with CKD are often exposed to potentially nephrotoxic drugs, as well
as surgical and septic insults, and it is important that all clinicians recognize the increased
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risk and significance of an acute deterioration in kidney function. Furthermore,
nephrologists should continue to encourage the inclusion of CKD patients in clinical trials
rather than their being excluded[6]. Similarly, given their increased risk, patients with CKD
deserve to be included in future trials of AKI prevention or treatment. Trial inclusion will
not only provide valuable data to guide clinical practice, but also allow the collection of
biological samples for biomarker studies. The need for new biomarkers reflects the well-
described limitations of serum creatinine[7], for example, in the study of Hsu et al.
creatinine cannot easily distinguish between the natural progression of CKD and ‘acute on
chronic’ disease. Biomarkers that distinguish AKI from chronic kidney dysfunction could be
valuable in determining where ‘AKI starts and CKD finishes’ – a question that may have
significant therapeutic implications. Which, if any, of the present candidates will prove to be
clinically useful remains to be determined, but sample collection from large studies of well-
characterized patients will be essential for biomarker development.
In comparison with CKD, if we turn our attention towards the definition and staging of AKI
then we are on the cusp of significant progress. Not unreasonably, Hsu et al. defined AKI
‘as peak inpatient serum creatinine greater than last observed pre-admission outpatient
serum creatinine by 50% and receipt of dialysis in hospital’. Among nephrologists there is
no consensus regarding timing of initiation of dialysis in AKI and this is a continuing
problem if dialysis is used as an end-point[8]. Other studies have defined AKI in multiple
other ways making cross-study comparisons difficult[9]. Despite this heterogeneity, it is
clear that AKI is an important disease as the incidence is increasing and the development of
AKI significantly increases mortality[5]. The impact of AKI on the long-term risk of
developing CKD and cardiovascular disease is uncertain and is a research priority identified
by a recent interdisciplinary Delphi process[8]. To promote research consistency, the Acute
Kidney Injury Network (AKIN) has described common standards for diagnosis and
classification of AKI[10] and the adoption of consistent staging in future epidemiological
studies has the potential to galvanize research. However, an inherent risk of establishing
staging criteria is that when new biomarkers are established, or when new data compel the
reclassification of staging boundaries, further changes can create confusion, and can serve as
a disincentive to conduct longitudinal studies for fear of obsolescence. This creates a bit of a
Catch-22 situation, where data from large patient populations are needed to establish
consensus staging criteria, yet staging criteria are needed to analyze the data in a
standardized manner, especially in a longitudinal study. A balance needs to be maintained
between these competing parameters as we iteratively adjust staging criteria and evaluate
patient outcomes. For example, data and biological sample collection should be as inclusive
as possible to allow re-analysis of the data as staging criteria change.
The study by Hsu et al. provides valuable information on the relationship between CKD and
AKI. Future large-scale longitudinal studies employing and challenging the proposed
staging criteria will allow even more accurate understanding of risk, predict outcomes, and
ultimately guide decision making and develop new therapies.
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